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GAMMA-RAY ASTROPHYSICS— A NEW LOOK AT THE UNIVERSE 


Jacob Trombka, Carl Fichtel 
Jonathan Grlndlay, and Robert Hofatadtor 

Introduction 

A new window on the universe is being opened at the high energy end of the 
electromagnetic apectram as y-ray aatronomy* has finally come of age with the 
detection of sources, observation of the general galactic emission, iind the 
measurement of a diffuse background. Gamma-ray astronomy permits investi- 
gation of the most energetic photons originating in our galaxy and beyond. These 
observations provide the most direct means of studying the largest transfers of 
energy occurring in astrophysicol processes. Of all the electromagnetic spec- 
trum, high-energy 7-ray astronomy measures most directly the presonce aiid 
dynamic effects of the energetic charged cosmic ray particles, element synthe- 
sis, and particle acceleration. P'urther, 7 rays suffer negligible absorption 
or scatterings as they travel in straight paths; hence they may survive billions of 
years iind still reveal their source. Studies of the spatial, temporal and energy 
distribution of cosmic 7 rays wili, therefore, provide fundamental new infor- 
mation for resolving some of the major problems in astrophysics today. The 
high energy processes in stellar objects (including our Sun), the dynamics of the 
cosmic-ray gas, the formation of clouds and nebulae, galactic evolution and 

•7-ray astronomy mry Le defined to include the spectrrJ region from above *-100 keV to >1000 GeV, 
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oven certain uiipectH of coHmuloKy jincl the orlKln of the univerMo may lx? explored 
l)y >-ray obaervationH. 

Progretja in thia fluid of aatronomy haa, howcvor, l)oen alowei thiin in aome 
other flelda auch aa x-ray aatrophyaica liecauae 7-ray pro<luctlon croaa-aectiona 
are amaller with correapondinK lower fluxea. Itelatlvuly large aophiaticated 
inatrumenta are therefore required. In the lower energy portion of the 7-ray 
8|)ectruin, nuclear activation with aubac(|uent 7-ray decay further complicate 
the detector deaign. 

Kxcept for obaervationa at enei*giea greater than lOO GeV which can lx* 
performed on the Karth'a surface, most of this work must l>e carried out alx)ve 
the terrestrial atmosphere imd outside the trap|x>d radiation lx*lts. First order 
Informatitm on differential energy spectra (Ijoth discrete and continuous) and 
angular distributions from solar, planetary, and galactic sour^ea have already 
lM»en obtained largely from satellite experiments. There is also evidence that 
extragalactic radiation possibly of cosmological origin may have been detected. 
The progress within the last seven years has lx;en particularly encouraging. 

The first detailed results for the extended 7-ray emission from the galactic 
plane are now available and great Interest is developing in the interrelationship 
l)etwceu galactic structure, cosmic ray origin, the cosmic ray distribution in 
the galaxy and 7-ray emission. Point sources of cosmic 7-rays with energies 
alx>ve 100 MeV and even up to lOOO GeV have been detected with one of the great 
Kun)ri8os being the identification of several 7-ray puisars with their radio 



cuuntori’ot^** KmlnHiun from n galaxy other thiin our own. Ccn*'*rus A, haa 
been detected at both the lowest (“^l MeV) and highest (“*-30i> (leVl >-ray energies. 
The differential energy spectrum of a |K>ssible diffuse cosmic background y-ruy 
flux has iHjen observed over five decades in energy, from lo keV to 100 MeV. 
llie first evidence of 7 -ray line emission associated with solar fluxes has lieen 
olHained. Discrete line y-ray emission from the Moon h:is also been 
observed and used to infer the elemental composition over altout of the lunar 
surface. Flnall>, there has lx*en the exciting discovery of 7 *ray bursts with a 
typical duration of several seconds and photon energies of approximately 1 MeV. 
The observed bursts generally have complex teirporsU behavior :md often contain 
what apjHjar to lx* multiple emisnion (X‘aks. None of the observed liursts have 
been associate 1 with any kiio\%-n cclesti.al objects. 

The results obtained thus far are im|>ortant not only lx*cause of tlieir astro- 
physical significance, but also because of the impact that they have had on 
development of the next generation of iiistrumentation, the technology for which 
now exists. l-Xituie missions carrying detectors of significantly improved 
sensitivity will permit 7 -ray a'^tronomy to make its potentially signiflc:uU 
contribution to our understiuiding of the nature of our universe. 

Some of tlie results already obtained in 7 -ray astronomy from observations 
made of our own solar system, of other >-ray sources in our own tlaliucy, and 
of objects beyond our GiUaxy are described in the following sections. 


Ciamm a-Hny t)bMer\’atl on of tn-.r S olar Syatom 

In tho last two (k‘ca(k>8, aiKnlficant olMurvational data have Ihh'ii obtained 
from lioth apace flight proKi’ama and meteorite atudiea allowing certain con* 
Mtrainta to Ih* imiKiaed on the the«>retical imukda for the oriKin and evolution of 
the solar ayatem. ^\lrther, vari«)ua theon*tical approaches c:m mow Ir* evaluated 
in terms of their observational tests, :uul more rigorous models can Ir' devel* 
o)H«d. Itoth chronology and present day dyaiamics of the Sun :uid solar system 
can Ir* examined critically with 7-ray astronomical ol>aen’atit>ns. First let us 
consider the study of the Sun which, in addition to ap|R-aling to our natural 
interest in its formation and d)'namics, is the only star that an astronomer has 
any reasonable hope of studying in detail. 

Ciainina-ray astronomy, as applied to the observation of the Sun, has tlie 
specific objective of considering high energy processes that take place in the 
Sun's atmosphere and the relation of these phemmiena to the basic problems of 
solar activity. To iilustra.e the nature of the information that can Ir? obtained 
from 7- ray spectroscopic observations during solar flares, three pn>blems will 
Ir* briefly descrilR*d. 

The 7 -ray lines at 0.51 MeV In solar flares result from either the 
free :mnlhilation of positrons with electrons or from the formation and decay of 
positi*on*Mm. In the case of free imnihilation, the formation of the 0.51 MeV 
line dr, ends on the source of the positrons, on the propagation of the positrons 
in the solar atmosphere, anil on the density :md temperature of the ambient medium 
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in which iho poHitrunM (U'ccleratu. Next, >-ray line enUHsion Ir evldenix’ 
that the particular nuclear R|>ecies with a correRiMtndinK nuclear level hai> Imhmi 


excited by particlea with enerKiee alxive the excitation Ihreahold. Elemental 
com|K)Rition of excited r^huMch cjui iUro be Inferred. IVo or more lineH fn>m 
the aame nuclear M|)ecieR proviile information on the M|>ectrum of exciting 
partlcIcR. For example, the relative intcnRitleR of the 15, 1 NleV y -ray 
line to that of the 4.4 MeV >-ray line from the exeiJation luul Huli8tx]uent 


deexcitation of the correR|H)ndlng atatcR of “C can Ik* uaed to tk'termine the 
d(K*ctral diRtrilHition of the energetic particIcR tl). Finally, IX>ppler RhiftR in 


Relected 7-ray linea cim Ik* uaed to Mtudy the aniRotropic propjigation of chat*ged 
particleH (hiring Rolar flarea. Protona with energien greater than 10 MeV will 

12 Ui 

e?;clte the 4.4 Mi*V and (>. I MeV y-ray llnoR of “C :md O, reRiK*ctively. 
Sincj 7-rayR are emitted in a lime Rhoii compared with the Hlowing down time 
of Uie nucleuR, :my directional a>*iRotroi)y in the primary exciting particlcR 
would cauRO a Doppler shift in the central energy of the obaened lines (2). 

'niat such observations are indeed possible was confirmed when y-ray lines 
associated with solar emission were observed during two flares in 1072 from 
the OSO-7 satellite (II, There was evidence of significant enhimeement of the 
0. 51 MeV imd 2. 2 MeV s|K*ctral regions. I,lne features at 4. 4 MeV and 0. 1 
MeV were also evident. All the lines except the 2.2 MeV line from deuterium 
formation are attributable to interactions with energetic protons. The fact that 
the 2.2 MeV line was obsorx’ed implies the presence of a significimt thermal 


neutron flux, not absorlK*d by other priK’csses. 



T. 



Gamma-ray astronomy ob8er\’atiuna also find importiint application in 
8tudyini{ the development of the phinetM out of Uie primitive solar neliula. For 
those plimets where the atmosphere and trap|>ed radiation environment do not 
interfere siKnifieiuitiy witii the >-ray emission, orbitiU measurements can Iw 
carried out. Some of the so-called terrestrial planets are examples of such 
systems. Asteroids and comets can also l>e studied. KlemenUd surface 
composition can l>e inferred from observations of 7-ray line emission, lliis 
emission can l)o attrllxited mainly to natural radioactivity (Th, U, and K) :md to 
the primary and secondary cosmic-ray induced activity producinK identifiable 
emission from 11, O, Si, Al, Mk, Fe, and Ti. 

in acquiring :ui understandinK of the geology of a planetary body, a knowl- 
edge of the total chemical composition and of the vari:>.ion of the surface 
composition of the botly are of fundamental import:mcc. The overall composition 
will lx* related to the mechanism of accretion and accumulation leading to 
plimetary formation. The diatrllmtion of elements also has ix*en affected by 
geological processes which have Ix'cn operative during planetary evolution. 

A numlwr of missions have been flown to the Moon and Mars from which 
such information has Ixjcn obtained, for example in the Americim space program, 
Apollo 15 and Apollo l(J and in the Russian program, a number of lunar missions, 
tile M;u's ■* and Mars 5 missions ami the Venera mission. The distribution of the 
radioactive elements Th, U, ami K measured by the >-ray spectrometer during the 
Apollo 15 :md Apollo Ki niissions are shown in Figure 1. 'ITie concentration 
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IncrtMiM’ in IndlcuUni by a darkcninK in the* ortiUitl path t>utltiuul in (ho flKuro. 

I1io data from (ho A|Ht||o 15 and (ho A^kiIIo l(i x-ruy and 7-ray a|>oi'tromo(ora 
have b(«on moat thoi\ni|{hly :inaly/.iHl (A, (i, 7, 8, !)). lltoHo moaauivmonta 
IndiiMto that (ho Mium haa a Al or pl:i|(liH*laao nn’k rruat \%hoao formation 

waa the major itotH'homlctd ovont of tho Mintn'a Kooli>Kic ovolutlon aftor Ita 
formation. !t>- outlininK variationa of tho diatrilnition of unutium, thorium, mid 
potaaalum, tho 7- ray information auKK*’>*t tind lat*Ko iKiain-forminK ovonta woro 
capablo of croatinR tho goochomical piwinooa by tho ojootion from tiopUia of 
ton or moro kilomotora. 'I1io doplotion of volatilo matoriala ixdativo to ivfrao- 
tory matoriala waa found to hold trmo on a gloIxU luaia, ainoo tho K Hi ratio 
dotorminod fn>m tho Minm romainod algnifioantly lowor ovor moat of tho Minm 
comparod to that on Karth. llio moaauromont of radtoaotivo olomonta Th, U, 
and K obtalnod from Mara -I ami Mara A (10) indloato that tho aoil ovorHimn on 
tho aurfaoo of Mara ia baaaltio in natun*. 

.stollar Objocta 

Ciamma-ray aatroiiomy ia directly related to Uio moat onorgotic |»rocoaaoa 
occurring in atollar objocta, :uul ia thorofi»ro cx|H'ctod to play a paiiicularly 
valuable role in tho atudy of au|H'rnovao :uid comi>act objocta auch aa noutrvtn 
atara and black holoa. Of tho do/.on (>oint aourcoa of 7 raya uiontifioil outaido 
our aolar ayatom, four are aaaociatod with radio pulaara :uui are pulaing at tho 
radio iH'ritHl, whoroaa only one radio imlaar haa iK'on soon in tho x-ray range. 

It waa loaa than a decade ago that tho diacovery of radio pulaara provided tho 
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tlmt ohneniitlonal cvidonco for the exintence of collapifed sttdlar objoctM. Iltt'iu* 
puldarM are now generally accepted an neutron Mtarf primarily on the bani8 of 
their Hhort iniUe |>eriiHl8, hiKh |H*rlod atabillty, :md very larKe energy rele:i8i>. 

The lumlno8itie8 of the 7-ray pul8ar8 :il ready 4)b8er>-ed x* in the range 
from in'*'* to I O'*** erga 8ce * alxwe alxmt :U) MeV (ll-lt»). Ik'eauae the8e 
7 rays almost certainly owe their origin to extremely relativistic particles 
interacting with intense magni'tic fields, the obser\'ation of these large 
amoutus of energj’ Ixdng ndeasixl in the form of very high energ>' |)hotons 
implies U\at an extraoixiimirlly efficient paiticle acixderatlon proix>ss exists 
at the pulsa;. Gamma-ray spi'ctn.1 'neasurements particularly at hlgh(<r 
energies would provide information about the particle acceleration procx'ss 
and very )X>ssil)ly al>out thi* magnetic field configuration arounti tlu* ni'Utron 
star. A variable s|X'Ctral com|x>nent has already been oliservinl from the 
Cnil> pulsar al)ove 800 Gt*V (20), In at least one case, tint of PSH 08;i;i-45, 
the 7 radiation is sliifted in phase by 15* from the radio (Htlse (21). On 
the other haiul for Uie Crab pulsar, tlie pulses at the two energies are in 
phase, suggesting tluit more than one radiation mechanism may Ik* involvixl 
in some cases. Further supfxjrt for this concept is given by the iliffeixmce 
in tlu‘ emission chaincter of the pulseil radiation between the radio and 7 -ray 
regions for PSR os:i:i-45. As shown in Flguix' 2, two pulses of nearly equal 
si/.c separated by alsmt half a period were observeil in the 7-ray region with 
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thv HA8-2 7 -ray teleac' pe and aubaequently by tne CH)8-B aatulliU* whervua only 

a single (nilse is seen in the radio region for this same source. 

ITiu most luminous gsUactic 7-rny source obser%’ed thus far is C'ygnus X-3 

(221 with a (lux abovo 30 MeV observed by 8AS-2 implying a luminosity of more 
37 

than 10* ergs/soc if the radiation is confined to a cone of one storadltin. Tlie 
7 -ray emission is observed to have the same 4. 8^ periodicity seen in the x-ray 
and infrared regions. Hiis source is thought to be either a processing neutron 
star or a neutron star in a binary system; further 7-ray obser>'ations may 
clarify this ({uestion. 

Garnma*ray sources have also Iwen observed by SAS-2 :uid COS-B with no 

appanmt counteniart at other wavelengths (22. 24, 25) suggesting the possibility 

of a whole class of stellar objects not known previously. fXirther, it is certainly 

exjiected that 7 rays will prove to be a valuable probe of black holes since the 

Intense gravitational field near a black hole subjects in-falling matter to extreme 

conditions. Kecent theory has also predicted the existence of relatively small 

14 

primordial black holes which may signal the evaporation of their last *>• 10 g 

-7 

by emitting --10% of this rest mass energy in a short. 2 X 10 second, burst 
of high energy 7 rays with energies of approximately 250 MeV (20). 

Whereas bursts with this short time ))eriod have not been seen, low energy 
7 -ray txirsts, whose origin remains a mystery, have been observed (cf., 27-31), 
With the sensitivity of current detectors, these bursts arc detected several 
times a year with photons whose energies appear to be concentrated below a few 
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Mt'V. Thi'y rally lant a frw t*t'ix)ndH to half a mimiti* anti 8unu>, Much an tht‘ 
one nlun\n In FIkuh* 3 (30 ant! 31), an* diHen’ini to have iiultHUmtial fine tttruiiui^*. 
.\» yet the oourci'ii of thewe l>urMti« have not even In'en preeinely ltx‘aU‘ti on the 
ivleMtlal H|)here, l>ut it la anUel|xitiHi that Home aceurate Houriv loeationa will 
Ik* fortheomintt o>'er the next t ^\'0 yearn. Uewnt reaultn tio intlicate that theae 
ItumtH are of k:i1:h*Uc origin (32). 

The Hearch for the' origin of eoamle raya in a prolilem ptirtieularly huIUhI 
to ^-ray antronomy. If the acceleration of ttu'Hc ixirtlclcH ahoulii occur in 
oltjeetH Huch an pulaara or Hupernovae, tiK-y will reveal their presence liy 
interactliv the surixmiHlinK matter. Supernovae have lH*en expt'iietl to Uv 
one of more likely ■)-rav emitters, anti intieetl the Crab nebula was the fii’st 
intilvitlual 7 - ray source seen. 

A verj- impc ...:nt pros)x*ct for >-ray astronomy is the lieU'tiion of >-ray 

H|H‘ctral lines, anti the tilrect eviticnce they provitie on nuclcosynthcsts through 

the tiecay of unstaltie nuclei. Nucleosynthesis has long lH*en postulateti to occur 

in the outer cnvelo)H’s of 8U)H'rno\’ac, anti a )X.rticularly im)>ortant test that tills 

has occurreti in these olijects woulti lu* the detection of 7 rays from the tiecay 

OO 

of the mor - abumiant unstaitle resulting nuclei such as Ni, Co, V. anti 
4*1 

Sc’ (33). (tie ntifi cation of more than one nucleus will provide a i|uantitative 
test of the theoi*y which woulti not be ixwsible by any other means. The first 
attemiJts to search for 7 -ray lines with high- resolution sjH’ctrometers were 
contiucteti by the Ixickheeti group (34); furtlicr searches will be pursui'ti on 


STl’78-1 anti on liKAtVC (35). 
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Diffuac Gmnma-Kay Emigaion from our Galaxy 


When conaldertng the Interatollar medium of our Galaxy, the tenuoua gaa 
conalating largely of atomic und molecular hydrogen and Interatellar duat often 
come to mind firat. However, there are two other very important conatituenta 
that are believed to account for about two-thirda of the expunaive preasure of 
the gulaxy; they are the coamlc raya and the magnetic fiolda. it ia now realized 
that the denaity of the thermal gaa In the galactic dick la only marginally 
capable of holding down the cocmic-ray gaa imd magnetic fielda against their 
dynamic preaautoa, and therefore that the latter play a very importxmt role in 
the Galaxy. 

Gamina>ruy aatronomy cun provide information on the d«'n8ity distributions 
of both the galactic cosmic-ray ‘.uclei, which contain the great bulk of the 
energy, und independently on the cosmic-ray electrons. 'Ihe latter could be 
combined with continuum radio measurements to obtain a much more quantitative 
picture of the galactic magnetic fields than currently exists. 

The most complete picture of the large scale structure of the 7 -ray sky 
which exists at present is that obtained by the SAS-2 high energy 7- ray telescope 
(23, 3G, 37). iTie most striking feature of the celestial sphere when viewed in 
the 100 MeV energy range is tlic emission from the galactic plane, which is 
particularly intense in the galactic longitude region from almost 300° to 50°. 

This enhancement corresponds in longitude extent to a region of exUmded 21 cm 
radio emission, but compared to other regions of the galactic plane it is 
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rvlatlvfly morv InU'iwc. \Vht>n I'xnntlnrtl In U'tuil thi* lunKltutir anil Iatltuik> 
diHtrlbutiunH a|ipt>ar to Ih> Ki<ni‘rally corrrlaUHl with Kalai*tlc Htnu'tun' fcMituivH 
n« HhoM'n In Flfcuro 4. In particular, tlu* >-ray cmiHHlon n(i|H‘arH to ho aHHocl- 
attnl with Hpiral-arm acKmcntH and the cnhanivmcnt of matter near five kilo- 
INirHecH from thi* center; hou'ever, the HenHitlvity of the y-ray iiiMtru- 

mentH nhown tIuiH far tk>e» not yel ,'ermit a dlacuHHlon of fine (ietall. AnalvHiH of 
theae tliUa hHomh Uiat the coHmic raya are correlated with the matter on the scale 
of galactic arms, su|i|K)rtinK the galaetic nature of the cosmic rays, liecause of 
this correlation lH*twt*en the c«ismic rays ami the matti'r, a very’ hi;:h contrast 
pli'ture of the l'ial:t\y should ultimately be fortlu'ominK from yray studies. In 
addition, futun' >-ray t*x|x*riments with improvinl sensitivity ami aPKular reso- 
lution should, for example, be able to answer the question of whetlu'r cosmic 
rays play a major role in cloml formation, since very definite priHliiiions can 
Ih* made about the relative >-ray intensity expecU*«l from clouds compared to 
the inU'rcloud ri'^ion for different models of the inU'rrelationsliip between 
cosmic rays and clouds. 

Cither ChU axies ami t'osmolojo' 

At pivsent, because instruments of sufficient sensitivity luive not existed, 
only tlu* closest active K^iliLxy, Ccnbirus A (CKN-A), has been tleteiled in y rays 
(10). The stuily of other K:iht\ies in hi^h eneiy^r y rays is, however, of ex- 
treme intt'ivst in <letermining if other normal K^ili^^ics have cosmic-ray 
densities similar to our own. Ultimately the relationslilp of the nucleoidc 
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i'08nUe-niy tllHtrllnitlun in an external itnloxy may be eompartnl with ita o|itical 
and rutlio featurea Tht> lioaeat Kuluxira to our own are expi'Ctini to be emitting 
y niya ut a level aueh that their flaxea aa meaaurtxi at ttu* Karth would Ih* eaaily 
det4*etable with ^he ncvut Keni‘rutlon of y-ray teleat*opea. 

One* of the* outatandinit problema in aatrophyaica toilay la the nature of the 
eompaet ivntrai aourtx*a that appi'ar to power the energetic (ihenomena oliaerveti 
in the nuelel of aetive galaxiea ami quaaara. Thi* IntimaU* relationahip between 
7 raya ami tlynamic high-eiu'rgy proct'aaea makea the extraortllnar> galaxiea, 
aueh aa tk*yfert galaxiea, radio galaxiea, and tjSt.l'a, prime eantiidatea for y-ray 
atutiies. Fur example, ixmaidering Com|iton aeatU'rlng modela tor the very 
high em>rgy ('>300 Gi'V) y raya aiul eombining theae reaulta with the hiird x-ray 
through low energy y-ray apeet.'ul oitaenationa oiitalmai on CFN-A, thi* inag- 
ni'tic field and coainic-ray spectrum in this pt'culiar obJec*t has btH<n eatabliahtHl 
and llmlta set. 

ilie study of cosmology through y-iay astronomy eonsiata largely of the 
study of the diffuse y-ray background. 'Hits background is that part of the 
ol>aerved radiation which e:uuiot Ik> associated with kiiown galactic or extia- 
g:dactic sources. Ihe intensity, energy s|)cetrum, :uul degree of isotropy of 
this y-ray background as measured to ilate have iUready pot r;i»,nific!uU con- 
straints on cosmological nv'dels. I'he intensity obsetved at energies above 
ir>0 MeV, for example, rules out the iH>sslbility of having the combination of 
a closed univetae and n •iniveraal eoamic-ruy intensity at the level seen at the 
Earth (41). 
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In U rniH of nprciflc coHmolo|{ioul modoU, tho prcHfiit rt'HultM arv;ui' HtrunKly 
:iKiilnHt the* MtiMuiy Htuti* matUT-anUmuttor modfl which prcdlctM a y-ray flax d^u* 
to annihilation whii-h would be many onicra of mat;nitudi< larger than that which 
1 h ol>Her\’ed. The l>ai*y on* symmetric Itig-brng moiiel eoulti avoid an overabundanet' 
of pliutons I'ompari'd to nucleons, l>ut only by postulating a separation of the 
matter fi\>m the antimatter at a very early stage in the universe. This tyjK- of 
model eouh! protiuee the oliserveti >-ray energy spi*etrum (•12, ‘Kl) shown in Fig- 
ure 5. (.'learly, then* are other measurements which could lie made to further 
test tills |K) 8 Hil>illty. A precise measurement of flax isotroptiy is an example of 
such a measurement. In aciditlon, more careful measurements of the spectral 
sha|H‘ of the radiation s|x*etrum would Ik* of great value. Another cosmological 
moiiel in which cosmic rays and matter at a large reii siilft are resjxmsilile for 
the diffuse s|x«etrum woulii protiuee a similar spectrum at low energies, i)ut a 
inarimlly diffeivnt one at high eiu rgies. 


Future Prosi: 


tlamma-ray astronomy has now emergeii as one of tiu* most pri mislng aiui 


significant areas of research in nuxlern astropliysies. IVrhaps the most 
dramatic and most Imnudiate discoveries will be made in galactic 7 -ray 


astronomy — part.' ’ularly tlie lilseovery of many ni*w jioint sources. In the past 
few years the numlu'r of point sourci*s has increased from one (tlie Crab nelmla 
and pulsai) to at liasi ten, wlUi die promise of mori to come in data not yet fully 
analy/ed. Several of tliese new sources are Identifleii wUli raillo pulsar;;, i)Ut 




many are unidentmed. The number of Houroea in now roughly paruliel to the 

first few years of rocket-bome x-ray astronomy In terms of rate of discovery. 

Ilovever, whi>reas these first cosmic x-ray sources were bright enough to be 

seen on short duration sounding rocket flights, satellite experiments have bt>en 

requirtnl to detect the first y-ray source's at ‘''100 Mev. The actual detector 

3 2 

ureas used have bi'en small (less than 10 cm ) and most of the newly discovered 
sources have required exposures of several weeks. 

ihirtlcularly exciting Is the possibility that new classes of astronomical 
sources will be found such as y-rny and cosmic-ray production in the 
ergospheres of rotating black holes or gamma rays from very high te'mpt'raturc 
accretion on massive black holes. 

With the expected discoveries of many new sources and measurements of 
their spectra by instruments aboard the y-ray oi)servatories now contemplatetl, 
a much clearer view of the galactic structure of gas, magnetic fields, and 
c'osmic r. /s will be forthcoming. The angular resolution will be improvetl so 
that tae true extended emission can be separawd clearly from the effects of 
multiple point sources. A much more complete picture of the cosmic-rays, 
nucleon distribution in the galaxy as well as a map of magnetic acids and gas 
density will then emerge. Measurements of the spatial distribution of the 
diffuse y-ray sky at high galactic latitudes with higher spatial and spec'trol 
resolution will address problems of cloud formation, confinement of galactic 
C'osmic rays, the galactic halo, ami tlie studies of the diffuse cosmic y-ray 
backgroumi and its relationship to cosmological models. 
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With thi* <icvi*lopnu*nt of hinh ri'solutlon -y-ray cntTKY «pi*cironu*U*r 8 the* 
proHpt'i'ta for ilevolopinK nuclrur >-ray UHtronomy nro mo 8 t proml 8 in|{. If 
dlscri'to 7 -ray lliu's I'nilttiHl durlntt I'lci’troniagiu'tlc dcoxciUitlon of nuclei can 
be «lctccU*d, their obaervatlona will confirm that excited atatea of nuclei are 
iM'inK produtx'd anti determlnt> nuclear abundancea. The mauiUtude of the fluxea 
•iimI 8 |x*etral diatrlbution will alloM’ *he identification of the apeelfic nuclear 
api'clea ami deU'rmination of their rate of excitation, llecauae extreme phyaical 
circumaUincva are requireti for tlu* production of exclteii nuelid at low denaitiea 
where they can be aeen, uni(|U(.> information about the source rejjlona will be 
oi>tainable. Obsei^ation of y-ray line emission from supernova ejecta ami in 
th(' aeeumulaU'd back(trouml of the universe may make it possible to: prov? 
su|K'rnovae eject new nuclei ami measure tlie supernova yield, measure the 
su|x<rnova structure by the profiles of the lines and tludr Compton tiiils, dls- 
co\er Kuhu*tic supernova remnants, determine the avero{{e rate of nucleosyn- 
thesis ami its |x>ssible present day oecnirixmce, learn more about the average 
density of the universe ;ukI help furtlier evaluxite evolving versus steady-state 
cx>smologies. 

This rich promise of 7 - ray astronomy can be realized by a new generation 
of satellite experiments. Long exposures would permit detection of sources 
much fainter than the Crab anywhere in our Galaxy, ami greatly iniproved 
statistics woidd en;d)le |xjlnt source |X>sitlcns to be determineti to within ^10 
aremin. The greatly inereaseti sensitivities ami improve<i angular resolution 


iU 


of Huch detector aystt'inii would also, of course, allow the begianlnK of 
extrogalacUc high-energy astronomy. The Incretilble cosmic ray accelerators 
that must exist in giant radio galaxies ami quasars may also product* spectacular 
7 -ray fluxes sinci* particles are probably not accelerated without interactions 
with matU*r on magnetic fields. It is entirt'ly possible that the detectloc. ami 
measurement of tht* spatial ami spt*ctrai (iistributions as well as the tem|K>ral 
variations from compact source's will provide the crucial data for a m*w umier- 
stamiing of these objects. 

The cAact direction that the investirations discussini in this papt*r may lead 
cannot be predicted but it is clear that 7- ray astronomy is an opi'n-emied spectral 
frontier that will provide m*w Insights ncmied in the umierstunding of astro- 
physical phenomena. 
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OF A PULSE PERIOD 

Figure 2. Distribution of 7 -ray arrival times in 
fractions of a radio pulse period for 7 -rays above 
35 MeV from the direction of PSR 0833-45 as 
observed by SAS-2. Arrow R marks the position 
of the radio pulse. The dashed line shows the 
7 -ray level expocted from galactic and diffuse 
radiation if no localized source were present, 
(reprinted from Ap. J. , ref. 21) 
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Figure 4. Comparison of the calculated longitude disti 
the SAS-2 results (37), summed between -10* and +10* 
the cosmic rays and matter on the scale of galactic 
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F’igure 5. The onergj’ spectrum of the diffuse radiation (4*1-58). 
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OF POt R QUALilV 



FIGURE CAPTIONS 


Figure 1 . DiBlr*bjtion of lunar autivliy in thu enorg>' 0.55-2.75 MuV ovt>r the 
Apollu-15 and ApolIo-10 gi'uund tracks. The Intensity of umission 
Is proportional to iho darkness of the gray scale. The map was 
provided uy E. Ellason, U.S. Geological Survey, FlagsUiff, Arizona. 

Figure 2. Distribution of >-ray arrival times in fractions of a radio pulse 

period for 7 -rays above 35MeV from the direction of PSR Ub33-45 
as observed by S.\S-2. Arrow R marks the position of the radio 
pulse. I'he dashed line shows the 7 -ray levei expected from 
galactic and diffuse radiation if no localized source were present, 
(reprinted from Ap. J. , ref. 21.) 

Figure 3. Mcusui'ed time profile of intensity of gamma ray burst observed 
during Apollo IG irans-eatth mission April 27, 1372. (reprinted 
from Ap. J. , ref. 30.) 

Figure 4. Comparison of the calculated longitude distribution of 7 -ruys with 

energy itbove 100 MeV with the SAS-2 results (37), summed between 
- 10 * and +10*. The calculation assumes a correlation Ixitwcen thu 
cosmic rays and matter on thu scale of galactic arms and uses the 
hydrogen density deduced by Gordon and Burton (38) and the matter 
model of Simonson (39). 

Figure 0 . The energy spectrum of the diffuse radiation (44-58). 



